Abstract: This study carries out the comparative study of Seismic Performance of residential buildings after partial dismantling for road widening works in Kathmandu city. Two types of buildings were taken for the study, i.e. 4 storey building and 6 storey building. The Buildings were assessed for bare frames. The detail level of the seismic evaluation was carried out by preparing 3-D modeling of the buildings in SAP2000 software by nonlinear static pushover analysis. The capacity of the buildings has been found significantly decreased after the partial dismantling of the building due to the road widening works. The behavior of buildings has been found like a strong beam and weak column mechanism.
Structural Models and Analysis
Reinforced concrete structures have been partly dismantled during the road widening works has been considered for the studies to evaluate the seismic performance of the buildings. The buildings were modeled as three-dimensional models of the structure for before and after dismantles were developed on CSI SAP2000 Software. The building structure was modeled and analyzed for bare frame model.
Model Development
Two hypothetical buildings of 4 and 6 storey RCC framed residential buildings have been considered for the detailed investigation. The descriptions of the buildings are as follows:
Building type 1 Building 
Material properties
The following material properties have been considered for the modeling of buildings adopted 
Structural model
The buildings were modeled for bare frames. For pushover analysis, a point-plasticity approach is considered for modeling nonlinearity, wherein the plastic hinge is assumed to be concentrated at a specific point in the frame member under consideration. Beam and column elements in this study were modeled with flexure (M3 for beams and P-M2-M3 for columns) hinges at possible plastic regions under lateral load (i.e., both ends of the beams and columns).
Analysis
A Pushover analysis is carried out which is a nonlinear static procedure [2] wherein monotonically increasing lateral loads are applied to the structure till a target displacement is achieved or the structure is unable to resist further loads.
Seismic evaluation of existing RC framed building is generally performed by pushover analysis to verify the adequacy of the structural system. One of the non-linear static processes is the capacity spectrum method that uses the interaction of the capacity curve and a reduced response spectrum to estimate maximum displacement. This method provides a graphical representation of the global force-displacement capacity curve of the structure (i.e. pushover curve) and compares it to the response spectra representations of the earthquake demand. It is commonly used a tool in the evaluation and retrofit design identifying modes of failure and the potential for the progressive collapse of frames. In order to provide reliable limiting earthquake-induced lateral displacements to levels at which damage sustained by building element will be within acceptable levels for intended performance objective as shown in Fig. 4 . The ATC-40 [1] ) and FEMA-273 [4] documents have developed modeling procedures, acceptance criteria and analysis procedures for a pushover analysis. These documents define force-deformation criteria for hinges used in pushover analysis. As shown in Fig. 4 , five points labeled A, B, C, D, and E are used to define the force-deflection behavior of the hinge and three points labeled IO, LS, and CP is used to define the acceptance criteria for the hinge. The values assigned to each of these points vary depending on the type of member as well as many other parameters defined in ATC-40 [1] .
Pushover analysis of the buildings:
In the present study, SAP2000 V15.2 was used for displacementcontrolled pushover analysis of building frames. Hinge properties for the RC members of the building are determined using the SAP2000 auto hinge assign according to FEMA 356 [3] hinges. Then, the output of pushover analysis is plotted as a relationship between lateral shear at the base of structures and corresponding displacement at any point on the structure (displacement at the roof is monitored) for several lateral displacement increments until target displacement is reached or structure becomes unstable because of failure of critical elements.
Material modeling for pushover analysis: In addition to the elastic material properties required in linear analysis, non-linear material properties are required in pushover analysis. In SAP2000, non-linearity in members is not distributed along their whole length; instead, lumped plasticity is modeled at desired locations on structural members.
Location of plastic hinges in RC members was assumed to form at a distance equal to half the average plastic hinge length (l p ) from their ends. It is calculated by the following expression [5] :
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Where, L is the length of the member in m, d b diameter of longitudinal reinforcement in m, and f y is yield stress of longitudinal reinforcement in MPa. All the beam-column joints in the frames assumed to be rigid. In columns, plastic hinges that generally develop are those corresponding to axial force-bending moment (P-M hinges), bending moment -bending rotation (M-Ө hinges), and shear force-shear deformation (V-Δ hinges).
Plastic hinge properties of RC members: Non-linear material properties of all the structural members are specified for plastic hinges in pushover analysis. The P-M hinges for RC columns and M-Ө hinges for RC beam were specified using the auto hinge assign from SAP2000 using the properties from FEMA 356 (2000), Table 6 -8 and Table 6-7 [3] respectively.
Target displacement:
The target displacement serves as an estimate of the global displacement of the structure is expected to experience in a designed earthquake at the center of mass of the structure.
The target displacement is calculated by [3] , dt = C0C1C2C3SaTe 2 g/4п 2 where: C0 = Modification factor for SDOF & MDOF C1 = Modification Factor to relate expected maximum inelastic displacements to displacements calculated for linear elastic response C2 = Modification factor to represent the effect of hysteresis shape on the maximum displacement response C3 = Modification Factor to represent increased displacements due to dynamic P-Delta effects. Sa = Response spectrum acceleration Te = Characteristic period of the response spectrum.
Results
The building frames before and after dismantle were studied analytically by pushover analysis. Based on the numerical analysis, results obtained are presented as follows:
Pushover/Capacity Curves are obtained from the above analysis for the different cases. Fig. 5 shows the comparison of the capacity of the buildings before dismantling and the building after dismantling of 25%, 50%, 75%, 100% of the front span. It was noticed that the capacity of the building has been greatly decreased after dismantling.
Fig. 5: Pushover/Capacity curve (Building 1 and Building 2).
Shrestha ATC-40 Capacity Spectrum has been obtained using the interaction of the base shear and the displacements calculated from the results of the pushover analysis, the capacity curve and capacity spectrum of the structures are calculated for 75 % dismantling (Fig. 6) for building 1. Similarly, the spectrum of the structure is calculated 50% and 25% dismantling for the same building (Fig. 7) . The demand spectrum (Fig. 8) is also generated for a design seismic load using the design response spectrum for the building. A Performance Point, which represents the state of a maximum inelastic capacity of the structure, is found through the cross point of the Capacity Spectrum and Demand Spectrum for a given damping ratio. In FEMA Load (Base Shear) -Displacement of the pushover analysis is transformed into the Spectral Acceleration (Sa) vs. Spectral Displacement (Sd) curve. Characteristics of performance point and target displacement are shown in Table 1 and Table 2 . Roof Drift and Inelastic Roof Drift is found as shown in Table 3 and Table 4 . Plastic hinge patterns at the different step for Building type 1 is observed as shown in Fig. 9 and Fig. 10 . Fig . 9 shows the plastic hinge patterns at the three steps of loading, i.e. 2, 5 and 7. The first hinge formed is on beam but at the later stage hinges formed on columns.
Similarly, Fig. 10 shows the plastic hinge patterns at three steps of loading i.e. 2, 5 and 6 steps. All plastic hinges formed in the columns. This shows that the building behaves like the strong beam
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and weak column mechanism. Furthermore, in the sequence of plastic hinges formation the plastic hinges formed in the columns adjacent to the dismantled portion.
Conclusion
Two types of residential buildings were assessed and analyzed for the cases before and after dismantling of 100%, 75%, 50% and 25% of the front span due to the road widening. The overall performance of the buildings before and after dismantling was investigated. The major conclusions drawn from the study are as follows:
1. The capacity of the building decreases after dismantling of a portion of the front span. The capacity of the building decreases as the percentage of the dismantling of the front span decreases.
2. The buildings behave like the strong beam and weak column mechanism, as the sequence of formation of plastic hinges in the frame members is found in the columns only. The initial hinges are formed in the column adjacent to the dismantled portion of the buildings which clearly indicates the level of vulnerability.
3. Both roof drift and inelastic roof drift values were observed to be increased after dismantling of the building and was found to be higher in 25% dismantling case.
